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HYDRODYNAMIC IMPACT LOADS IN ROTHX3WATER FOR A PRISMATIC

FLOAT HAVING AN ANGLE OF DEAD RISE OF 30°

By Robert W. Miller

SUMMARY

An investigationwas conducted in the Langley,impact basin to
determine the hydrodynamic impact loads in rough water for a prlsmatic-
float forebody having en angle of dead rise of 300. The test runs were
made at fixed trim and each @act occurred into m eiimncing wave
2 feet in height and 60, 45, or 30 feet in len@h.

Analysis of the data has shown that if the maximm sloye of a
coqerable trochoid is used in the hydrodynamic-load equation for the
calculation of rough-water loads, the calculated value8 of maximum load
agree with the measured loads within 10 yercent for waves longer than
5 flost-forelmdy lengths, that a relationship exists between the wave
slope end the sloye of an equivalent inclJned-pleuewater surface for
any point of contact, and that airplanes designed for hard, high-fMght-
path-angle impacts in smooth water can be used safely for ladlngs in
rough water at low speeds and flight-path angles.

INTRODIKX?ION

In order to obtain the maximum utility from some types of seaplenes
or flying boats, they must be able to operate from undeveloped and
unprotected landipg areas and under adverse sea conditions. ‘I!heproblem
of designimg an airplane capable of fulfilling such requirements has been
complicated by the lack of adequate data on the loads encountered in
rough-water impacts.

This paper gives data on the loads for a prismatic-float forebody
having an engle of dead rise of 300 encountered in impacts against various
portions of an advencing wave. A method of applying theories derived
for smooth-water conditions to the rough-water case is also discussed,
end rough-water load results are ccmqmred with calculated smooth-water
values.

In presenting the data en effort has been mede to correlate the
experimental results in rough wa~r with calculated values obtained by
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the application of smooth-waterhyibmdymmic impact theory under the
assumption that the wave surface may be simulated by en inclined-plane
water surface, as suggested in references 1 end 2. In reference 2, .
theoretical loezlscalculated on this basis for a scalloped-tottomfloat
were shown to be ~ fair agreement with the results of some rough-water
blpacts● This paper reports the results of a mzch larger number of
rough-water tests and compares the results with calculated mlues.

SYMBOLS

A

/3

H

L

ni

v

x

Y

a

P

T

f(P)

@(A)

‘ (- ~/t~j ,aspect ratio

maximum imyact-load-factorcoefficient

acceleration due to gravity, feet ~er secmd per second

wave height measured from trough to crest, feet

wave length measured fram crest to crest, feet

impact load factor -

velocity, feet per second

dropping weight, pounds

horizontal distence from previous crest, feet

vertical distence of a point in water surface
midheight between tr&gh

angle of dead rise, radiang

flight-path angle, degrees

f rm
and crest, feet

except where otherwise noted

angle of inclination of water surface,

approach pareme%?? .

maas density of fltid, slugs per cubic

trim, degrees

dead-rise mriation

aspect-ratio (end flow) correction
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Subscripts:

e effective (referred to inclined water surface)

f float

h horizontal direction

m measumd

n normal to plane of ticlined water surface

o initial tdme (contact)

r resultenb

th computed by use of theory

. v vertical direction

w wave

Any other consistent system of units may be used.

APPARATUS

Basin.- The
are ti~bed in

. Mciiel.-The
length having an

Langley impact basin end standml equipment used
reference 3.

mmtel was a prismatic-float forebody 10 feet in
angle of dead rise of 30° and a test weight of about

X236 @mlaE.- The,p;incipal lines end dimensions defining the shape
and size of the modOl are shown in figure 1 and.the offsets are given
in table 1.

Ins&umentaticm.- The tit ruments used to measure the displace-
ment and velocity in both the horizontal and vertical directions are
described in reference 3. Accelerations in the vertical direction
were measured by two standard I?AC!Aaccelerometers having natural
frequencies of 21 md 26 cycles per second with approximately O●67 critical
-m ● Wave profiles were measured by photographing the water
surface against a scale patited on the basin wall.

Wave &r. - The rough-water conditions reqtired for the tests
were provided by the Langley impact-basin wave malmr (fig. 2) which
was designed to generate waves up to 60 feet in length and 3 feet in

.—----- -.. ,— -- —---.—.-— .- —.&- ———-—- ----— —--- ..--— —— —---—- -------- -.,
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height. Somewhat linger waves of less hei@t or shorter waves of more
height csn %e yroduced. The waves proceed from the wave maker through
the test section and then break on a slop- beach designed to ndnimlze
reflected waves.

The prti mover of the wave-makm? system is an internal-conibustion
engine with a constant-syeed device. The rotary motion of this engine,
operating through a speed-reductiongear, is trmsformed into reci-pro-
cating motion by a double-throw eccentric, which is adjustable to any
dou’le amplitude from O to 24 inches. The reci~rocating motion is then
transmitted by a system of bell crsnks, sheft3ng, and connecttig rods to
the wave generator.

The wave generator is a plate occup~ the full width end depth
of the bash and is suspended by hsngers from the upper part of the
-bU3.lding. In order to a~pro~te the motion of the water particles
h a shallow-waterwave, the plate is given the motim of a segnent of
a plane rotating about a horizontal tis located.beneath the floor of
the basin, as indicated by the small slmtch in the upper right-hand
corner of figure 2. Adjustment of the relative amplitudes of the u~er
and lower portions of the plate, which is accomplished by means of a
change in setting of the first bell crsnk, permits the required motion
of this type for a ‘widersnge of wave sizes and forms.

lh order to obtain impacts on desired portions of the wave profile,
the float motion must be correlated with the wave motion. This correla-
tion is accoqlished by means of a switch attached to the wave-maker
activating mechanism which, when the waves have attained the desired
size and form, first starts the cerriE@ instrumentation and then, at
the proper point in its cycle, fires ttiecatapult gun.
fore begti its run at such a tdme.that the horizontal
motions bring it to the desimxl point of impact at the
proper portion of the wave reaches the ssme petit.

. PRECISION

The apparatus and instrumentationused h
ments which exe believed,to be accurate within

Horizontal velocity, feet per second . . . . .
Vertical vOlocity, feet per second . . . . . .
Weightj pounds . . . . . . . . . . . . . . . .
Acceleration, g, percent of reading . . . . .

The flost-there- -
and vertical
iustant the -

the tests give measure- .
the following limits:

.
.0 .0.. . . . . *o.~
. ..*.* . . . . *O.2
. . . . . . ..*. H? .0
. . . . . . . . 0 to -lo

VerticeJ displ*emen* of petit of contact, feet . . . . . . . . . *O .05

.

.
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each
that

TEST I’ROCEDDRE

The test program was carried out in the
impact occurring on a wave traveling in

Langley impact basin with
a direction opposite to

of the flost (fig. 3) . The waves used in the tests we;e 60, 45, or
30 feet h length but-were all about 2 feet in height end of a s~ape-
sjmilar to the profiles shown in figure 4. T“e wave slopes as measured
from these profiles are compsred in figures 5 and 6 with the slopes of
trochoidal waves of dimensions similar to those of the tests.

from
with
that
data

The test runs were made with the float set at ftied trims ranging
100 to 23° in order to obtain trims of approximately 6° and 15°
respect to the inclined water surface. These trims were chosen so
the data of this paper could be directly compared with smooth-water
(reference 4). The vertical velocities used varied from O to 11 feet

per second which, together with horizontal velocities of 20 to X feet per
second, resulted in flight-path sngl.esranging up to alout 200.” Time
histories of these velocities, horizontal and vertical displacements,
and vertical accelerationswere recorded for each run. A force, simulattig

I wing lift, sufficient to support the 1230-pound dropping weight was
applied to the float during tipact by the ‘Mft.
in reference 3.

METHOD OF ANALISIS

(buoyancj) enfie described
.

In reference 5 a generalized theoretical @vestigation of the
loads end motions e~erienced by a seaplane in a step-landing impact
showed that the hydrodynamic load can be represented in nondimensional
fonnby means of the load-factor coefficient:

Reference 5 also showed that the variation of CZ during an hpsct,

including the maximum value reached, is detendned by the magnitude of
a dimensionless approach parameter

K

= ‘s.cost+‘3

(1)

(2)

which may be cormidemd a criterion of @act simil.isrityand which
completely defines the nondimensional motion ch~acteristics

. . ...—..- —-— —-—— ––, --- -—..-—----- —---—- ---,..,. . ,.
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The functions
for the purposes of

@(A) and f(P) used in equation (1) sre defined,
this paper, a8

ala

f(p) = p; - 1

The numerical values of these functions sxe in agreement with experi;

mental results for the rmge of dea-rise ~$les betw~ 2+0 md 30 .

(See references 4 to 6.)

Equations (1) and (2) may be applied to the rough-water case if
the Mtisl conditions of the impact are defined relative to an inclined
plane siuwlating the wave surface (references 1 and 2) . b order for
this inclined plane to he equivalent to the actual wave surface, its
sngle of inclinationmust be such that impacts at the ssme fli@t
conditions into either surface will.result in the same maximum load
factor. Equations (1) end (2) may be rewritten, relative to.the inclined-
plane surface, as

end

sin Te

% = SiIl Ye. cOTe+‘eg

(3)

(4)

The only clifferences between equaticms (3) snd (4) and equations (1)
and (2) are the inclination of the surface through which the impact takes
@ace and.increments of velocity due to motion of the water. The two
equations of each set are thus related by the ssme function, which is
represented by the theoretical line in figure 7.

The quantities which must be redefined to fit the rough-ater case,
represented by equations (3) and (4), are trim, direction of load,
velocity, snd flight-yath a@e. Thus, if f3 is the angle of inclina-
tion of the water surface,

T = T -e
e (5)

snd since the resultant load is in a direction substantially normal to
the hel and only the vertical ccauponentwaa measured,

___ . . . —.—— - —— .. . — _ ..-—. — .—-. .--.... ,, -,.., . . . ,, ’,. ,,,,
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“%
Cos Te

ni = ni Cos‘Te =
n r Cos T

(6)

Investigation of the pro~er method of introducing the increments
of velocity due to wave motion reveaJ.edseveral recognized assumptions,
three of which were finally considered. The first and most nearly
correct of these assumptions (references 7 and 8) uses the orbit=
velocities of the water particles and would involve integration of
velocities over the wetted area of the float and slang the path through
the water, a refinement which is not warrsnted by the accuracy of the
other measurements of the tests. The second amumption (reference 9)
considers that the velocity to be used is normal to the inclined water
surface end of a magnitude equal to the normal ccmponent of the wave
velocity. The third and simplest assumption (reference 2) treats the
wave as a body of water h horizcmtd translation at the wave velocity.

A preliminary analysis of the data indicated that use of the slope
at the point of contact, as in reference 2, did.not give good results for
all.wave conditions or eJJ.points of cmtact. Trial-and-enor solutions
of equations (3) and (4) were therefore made to detezmine the equivalent
S1OP for each,runh This equivalent slope is the angle of inclinatim
of a plane water surface by which the wave surface could be replaced
without changing the resulting maximum normal impact load factor for a
given impact. The solutions were made ushg both the second agd third
assumptions on wave velocity and the results of the solutions are shown
as test points in figures 5 and 6, respectively. Exmdnaticm of these
two figures reveals that the second .ornormal-velocity method results ~
in slopes as much as 30 percent higher than the maximm actual or
trochoidal slopes while the third or horizontal-velocitymethod results
in maximum equivalent slopes of about the same _itude = the maxi-
mum actual or trochoidsl slopes. Since the mxdmnnn equivalent slopes
should be about the same as or slightly less than the maximm slopes
of the waves used, the horizontal-velocitymethod of including wave
motion appesm to give results which are more accurate and consistent
than results given by the no?nial.-velocitymethcd.

By use of the assumption that the wave
horizontal.translation, the float moticm is
relative horizontal velocity then becomes

‘h =Vfh +Vw

is a body of water in
referred to the wave. The

The float velocity normal to the inclined water surface is

v
( h ‘v!)Sin ‘

= Vf Cose + Vf
‘e. T

(7)

.—.. —.. .— .—— — ~— -------,. . ...— ———
,’.-. .
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and the flight-path angle relative to the water surface

Vf”
7e =e+7r =e+ tan-1

~w

NACA TN NO. 1776

is

(8)

The
the test

The
model at

wave velocity used in this layer is the measured velocity of
waves. The wave slopes used will be discussed.subsequently.

RESUITS ~ DISCUSSION

test conditions, which give the attitude and motion of the
the 5nstsnt of titial contact with the water, the petit of

contact of the float along the wave, and the wave condition used for
the test, are presented.in table II. The maximum values of msasured
load factor and computed values of several resulting quantities are
also,yresented.in table II and are shown in figures 7 to Q. These
quantities may be considered to apply to V-%ottom floats with an angle of
deed rise of 30° in step landings in rough water when the effects of an
afterhody and freedom of trh are am.all.

The wave profiles shown in figure 4 do not represent any ysrti-
cular wave hut me the average of a nuder of profil.esof ind.ividusd
waves obtained by photographic observation. The scatter of these
individual wave profiles was less than the clifference between the
average wave and a trochoidal profile of the seine~nsions. Uo,
since the average yrofiles do not differ greatly from the trochoidal.
profiles, as shown in figure 4, no appreciable loss of accuracy is
titrmluced by the use of trochoidal profiles throughout the smilysis.

The point of contact of the float along the wave profile was
found by dete~ the height above the trough of the wave at which
contact occurred● This height was detemined by obtahing the vertical
distance between the known hxitial position of the float and the trough
of the wave and subtracting from it the measured.displacement of the
float at contact with respect to the same Mtlal position. This
result was checked by _ a similar computation for the point of
exit from the water end then compring the recorded travel through
the water with the horizontal distance between the computed po3nts of
contact and exit.

Calculation of Rough-Water Loads

b order
equatims (3)

-—

to permit the calculation of rough-water lo- by use of
and (4), a method must be found for determining the

—z . . . . . . . ...=. .—— — . . . . . . . . . . . . . ._
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slope from the
Zn reference 2

9

parameters or characteristics of the waves
the assumption was made that this sloue could

be approximated by the angle of the-water surface at the point ~f first
contact of the float and the wave, which would be the case only when the
ratio of wave length to float length is very large. Figure 6 shows
that this assumption holds approximately for relatively small ratios
when the contact occurs on certatn gortions of the wave profile, such
as those used h reference 2, lmt does not hold for contacts on all
portions of the wave.

This assumption is further illustrated by figure 7. The experi-
mental points in figure 7 were comyuted by use of the trochoidal slope
at the point of contact for each run. Examination of these data
together with those of figwre 6 shows that the load-factor coefficients
plotted in figure 7 lie above or below the theoretical line as the
corresponding equiv~ent slopes of figure 6 lie above or below tie curve
of trochoidal slope. Further exendnation of figure 6 reveals that,
although not identical, a definite relation exists between the equivalent-
slope data and the curves representing actual or trochoidal slopes of the
waves. This relation is best chsractbrized aa a phase offset letween
the curve of equivalent slope end the curve representing the slope of a
trochoidel wave of the same dimensions. This phase offset could probably
be taken into account by the use of a slope encountered at some point
during the impact instead of at the petit of first contact. However,
an analysis of this aspect of the problem is beyond the scope of this
investigation.

If only the critical lomis are to be calculated, a much simpler
approach to the problem can te made. ~’e ratio of the measured normal
load factor to the normal load factor predicted by use of equations (3)
and (4) with sn equivalent slope equsl to the maximum positive

(
slope 19= tan

-1 ~

L )
of a comparable trochoid is shown in figure 8

plotted aga~t the position of contact along the wave. From the plot
it may be seen that the ratio attains a value of about 1 at a station
&long the wave cordespcmding approximately to the position of the maxi-
mum slope and that at all other stations its value is less than 1. For
this reason the calculated value of the load factor is a good approxi-
mation of the experhental value for *acts at the critical portion of .
the wave and is conservative for impacts at all other portions.

The effect of the ratio of wave len@h to float length on the
load-factor ratio ni

/
is shown in figure 9. The upper curve

% ‘%h

represents the maximum valuee of the data at each wave condition and.
the lower curve similarly represents the average of the highest 25 per-
cent of the data. The curvee on this plot indicate that for @acts
in
do

waves shorter than 5 float-forebody lengths the most severe loads
not attain the calculated maxhum value. As the wave length becomes

.— .—— -. . .— -— ——— --- —— r —-
.,



10 NACA KCNNO. 1776 .

.
greater with respect to the float size the experbental loads can be
seen, however, to approach the calculated loads as indicated by the
tendency of the lines to approach a value of 1 with about a 10-percent
statter.

Coqmriscm tith &ooth-Water Ccmditions

Figure 10 shows, for each run, the ratio of the verticel camfmnent
of the ~ measured tipact load factor to the maximum theoretical
load factor which would he obtatned at the seineflight conditions lut
h snmoth water. This ratio ~

/
‘%ti

ia plotted against flight-
‘m

path -e rho relative to level water.

The test potits ly3ng near the envelope curve represent impacts
having points of contact at or near the position of the mazimum positive
slope, while those scattered farther below the curve represent contacts
at other yoints along the wave profile. Stnce the points near the
curve represent impacts at various wave conditions end trims, the curve
represents a variation with flight-path angle as the cmly @orteat
vsriable.

It can le seen from the figure that the loads encountered in rough
water can he as wch aE ei@t tfoms the comparable smooth-water loads.
However, these high values of load ratio occur at low flight-path
angles and.,therefore, represent small values of smoothwater load
rather than lerge values of rough-water load. The largest loads
actually were encountered at the high flight-path mgles where~ because
of the large velues of smooth-water losdE, the load ratio reached a
value of only 2.

The significance of this plot (fig. 10) lies in the small maximum
values of load ratio which occur at large flight-path engles as compared
with the values obtain’edat smaJJ_flight-path angles. These small
values ticate that design criterions based on @acts into smooth
water at flight-path engles ~ove about 12° could be used for rough-water
desi~s by using a sefety factor of only 2.

Equations (3) end (4) have shown that the loads @osed on a given
float a- @acts in rough water wiU be determined hy velocity,
flight-path sngle, and trim referred to the wave surface. The slope
of the inclined-plenewater surface can therefore vaxy without affecting
the loads as long as these three f~ght quantities remain constant.
This fact is illustrated by figure U. and the data in table 111. The
data presented in table IIX were oblxainedfrom the data of table ~ of
this paper and of table JI of reference 4. They represent runs at tWCI
values of effective trim and roughly constant values of effective flight-
path an@e @ effective velocity but WLti ~ equivalent slope which
varies from 0° to about 14°. Jl?hechoice of runs was further restricted

.—— .—. . ,:,.... ..— —-T—
——
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by holdtig the values of X/L within narrow limits,
maximum equivalent slope. The equivalent slope used

neer the ~ositiun
was the maximmn

of

trochoidal sloye as used in figures 8 and 9. h addition, approximately
average values of each of the flight contiticms were obtained and were
used to compute average load-factor values.. In figure 11 the two computed
load-factor values a~ear aa horizontal lines, one for each effective
trim. The scatter of the points is caused not only by the inaccuracies
of experimental measurements but also by the.unavoidable scatter of
flight conditions. Figure U. shows, however, no trend towerd higher loads
in steeper waves as long as the flight conditions are held constant with
respect to the wave surface. An airplane which was designed for herd,
high-fli@t-path-angle impacts in smooth water could therefore be used
safely in rough-water hpacts at low speeds and flight-path engles such
as would be encountered h landing into waves end into a stiff head wind.

CONCLUSIONS

An analysis was made of experimental data for fixed-tti impacts in
advancing waves of a prismatic-flost forelmdy 10 fcet in length and having
en angle of dead rise of 30°. The waves used were a%out 2 feet in height
and 60, 45, or 30 feet in length. The emalysis haa resulted in the
following conclusions for impacts under these conditions:

1. If the meximuq slope of a comparable trochoid is used in the
hydrodynamic-load equation for the calculation of rough-water loads,
the calculated values of maximum load agree with the msasumd loada with~ .
10 percent for waves longer than 5 float-forebody lengths.

2. A relationship exists between the wave slope end the slope of
an equivalent inclined-planewater surface for any poiht of contact.

3. Airplanes designed for hard, ‘high-fli.ght-path-engleimpacts in
muooth water can be used safely for landings in rough water at low speeds
and flight-path angles.

Langley Aeronautical Laboratory
.

National Advisory Committee for Aeronautics
Langley Field, Va., Septemler 23, 1948
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TABLE 1. - ~SE19 OF IANGIWY lMPAOT-BAS~ FL@ MODEL M-2 (SEE FIG. 1)

[U Umnaicma em in inche~ ‘

I Half-breadth I Height above iiatum line

Btation
Upper and lower

Deck K9el
Upper Lower Deck

china chti”e chine

o
2

5
9

14
21

29

;;
58

$.25
106.625
M!o.75

:.15
4.25
7.a
1o.31
12.61
15.09
16.85
18.04

18.
719.3

19.40
19.40
19.40

0.33
1.45
3.05
4.58

5.93
7.23
8 .1?
8.71-
8.94
9.00
9.00.
9.00
9.00
9.00

23.05
16.25
12.p

9.72
6.g4
4.47
2.62
1.24
.40

0
0
0
0
0

25.26

25.71
26.53
26.32
24.47
21.@
19.36
16.41
14.54
E .90
u .58
u .18
u .18
u .18

23.03

21.04

22.70
23.41
22.18
19.44
16.55
13.64
U.&
10.70
10.96
10.9
10.99
10.99

32.28
9.85
33.49
34.19
34.77
35.20
35.27
35:27
35.27
35.27
35.27
35.27’
35.27
35.27

.
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Hun “%m %0 ‘f% % f ‘a Cze “e
‘% ~

nnmter T mti “%ti

(@I) (d (fp) (*) (ad (aeg)
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TABLE III

COMPARISON OF ~ CONDJZCIONSAT VARIOUS WA~ SLOPES

7 T
‘o ‘i%

numbey (d~g) (:g) (deg) (::) (g)

a3 o 603 14.42 9027 2.59
7 5 ●53 7.47 10.49 U -27 3.51

27 8.57 6.43 13.34 10.2 1.85
46 13.54 4.46 15.@ U .37 2.46
/

Representative value: 6.00 15.00 10.00 2.88

a9 o 15●OO 16.29 9 .1+3 2.’52

16 5 “53 12●47 17.06 Ill .40 2.28
45 8.57 14●43 18e& u.&? 2.47

Representative value: 15.00 15.00 10.00 3.03

v
“Data fram frmoothwater run fran refemmoe 4.

,,. , .
b

..—. — —:—---—— .- —..... .—. .—.———— ——
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